Summary Naltrexone evokes a cortisol response through its blockade of central opioid receptors on the hypothalamic-pituitary-adrenocortical axis (HPA). The magnitude of this cortisol response may be useful as a probe for central opioid activity in different groups of subjects. Accordingly, the present study examined the effect of opioid blockade on the HPA in 70 women and 58 men with (N = 41) and without (N = 87) a family history of alcoholism, using a randomized, placebo-controlled, double blind administration of oral naltrexone (50 mg). Saliva cortisol was sampled at baseline prior to placebo or naltrexone and again every 30 min over the next 180 min. Women had significantly larger cortisol responses to naltrexone than did the men, F = 6.88, p < 0.0001. There were no significant differences in cortisol response between groups differing in family history of alcoholism, F = 0.65, p > 0.69. The present results confirm that women have much greater central opioid restraint on the HPA than men do and that this endogenous restraint is unmasked by opioid blockade. However the results provide no evidence of a differential central opioid tonus in persons with a family history of alcoholism at this dose of naltrexone. The cortisol response to naltrexone may be a useful probe for central opioid activity in women and to a lesser degree in men.
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The present study examined the salivary cortisol response to naltrexone (50 mg) in men and women with and without a family history of alcoholism (FH+, FHÀ) . Naltrexone is an oral competitive opioid receptor antagonist with a long duration of action at central opioid receptor sites (Lee et al., 1988) , and is approved in the treatment of alcohol and opioid dependencies (Ling and Wesson, 1990; Moncrieff and Drummond, 1997) . Naloxone is an intravenous opioid antagonist that is used in the treatment of acute opiate overdose because of its rapid response and dose titration (Bradberry and Raebel, 1981; Ling and Wesson, 1990) .
Opioid agonists and antagonists exert opposing effects on the hypothalamic-pituitary-adrenocortical axis in humans (Kreek, 2001; Vuong et al., 2010) . Opioid agonists inhibit cortisol secretion and opioid antagonists increase its secretion (Ambrosi et al., 1989; Grossman and Clement-Jones, 1983; Grossman and Rees, 1983; King et al., 2002) . As a result, the cortisol response to opiate receptor blockade may serve as a probe for underlying central opioid activation, and as a way to study differences in endogenous opioid tone in groups such as FH+ and FHÀ (King et al., 2002) .
Studies comparing men and women on cortisol responses to naltrexone and naloxone have reported that women have a large response while men have no significant response (Klein et al., 2000; Roche et al., 2010) or smaller responses (Uhart et al., 2006) . Similarly, women were shown to have a significant increase in pain response following naltrexone, while men had no change (Frew and Drummond, 2007) . Both sets of results imply greater endogenous opioid tonus in women. Other studies have reported larger cortisol responses to naltrexone or naloxone in FH+ than in FHÀ (King et al., 2002; Wand et al., 1998) . These are of particular interest because central opioid neurons interact with reward pathways (Koob et al., 1994) , and modification of these interacting systems through exposure to drugs of abuse is seen as a useful model for the study of addictions (Koob and Le Moal, 2008) . However, there are no studies comparing men and women independently within FH+ and FHÀ groups.
In accord with the preceding, the present study had the immediate goal of using the cortisol response to naltrexone as a probe for central opioid function in FH groups. Use of the cortisol response to naltrexone could then serve as a potential predictor of behavioral variables and risk for alcoholism in later work. Furthermore, prior studies of FH groups have not reported separate results for men vs. women and were generally based on smaller sample sizes. In view of reported sex differences in cortisol response to opioid antagonism, we designed the present study to have sufficient numbers of men and women in each FH category to allow for meaningful comparisons of response magnitudes and to determine if FH effects were equivalent for men and women. We predicted that women would have larger responses than men and that FH+ would have larger responses than FHÀ, with the largest responses being in FH+ women.
1. Materials and methods
Overview
The Oklahoma Family Health Patterns Project is a study of healthy young FH+ and FHÀ adults with the goal of understanding preexisting differences between these groups that might provide insights into risk factors in persons who have not yet developed problem drinking or drug use habits. The parent project currently has 407 participants of whom a subset underwent the naltrexone protocol.
Subjects
Naltrexone testing included 132 subjects (74 females) recruited through community advertisement, however 4 women experienced nausea and vomiting in response to naltrexone and discontinued the protocol, and so the final sample includes 128 persons. Each subject signed a consent form approved by the Institutional Review Board of the University of Oklahoma Health Sciences Center and the Veterans Affairs Medical Center, Oklahoma City, OK, USA, and received financial compensation for participating. Demographic characteristics are shown in Table 1 .
Inclusion and exclusion criteria
Prospective volunteers were excluded if they had: a history of alcohol or drug dependence; met criteria for any substance abuse within the past 2 mo; provided a positive urine drug screen (iCup, Instant Technologies, Norfolk VA; including damphetamine, secobarbital, benzodiazepines, buprenorphine, cocaine, marijuana, methadone, methamphetamine, methylenedioxymethamphetamine, morphine, oxycodone, phencyclidine, propoxyphene, tricyclic antidepressants) or a positive breath-alcohol test on days of testing; had a history , were not taking prescription medications other than hormonal contraceptives, and had no reported history of serious medical disorder. Smoking and smokeless tobacco use were not exclusionary. Eight subjects (6.3%) reported using tobacco (Table 1) . Smokers were allowed a cigarette immediately prior to the start of the protocol to minimize cravings during testing.
Assessment of family history
Family history classification was established using the Family History Research Diagnostic Criteria (FH-RDC) (Andreasen et al., 1977) . The FH-RDC has a high degree of interrater reliability (0.95) for reports of substance use disorders (Andreasen et al., 1977; Zimmerman et al., 1988) . Participants were excluded if either they or the parent reported possible fetal exposure to alcohol or other drugs. All family history positive participants reported that at least 1 biological parent had a problem with drinking not limited to isolated incidents in at least one of the four areas of functioning in order to meet criteria for alcohol or substance abuse. Eleven subjects had a parent who used alcohol and other drugs and only 2 subjects were included who reported a family history of substance abuse without a history of alcohol abuse. Family history negative participants reported no alcohol or substance use disorders in their biological parents and grandparents. In the larger study sample, the participant's FH-RDC was confirmed by parent interview in all possible cases (79% of the sample), and parents confirmed the reported FH status in 89% of these cases. Based on these interviews, FH status could confidently be reassigned in 3% of the cases and 6% were dropped for inconsistent or insufficient information. For the participants with no parent interview, we assume that 89% are also correctly classified, and by extrapolation, that 97% of the sample retained for analysis is correctly classified.
Study design and procedure
The study was a randomized, placebo-controlled, doubleblind administration of placebo vs. oral naltrexone (50 mg, Malinkrodt, St. Louis, MO, USA) in identical appearing capsules prepared by Innovative Pharmacy Solutions (Edmond, OK, USA). Test days were separated by a minimum of 72 h.
The subject entered the General Clinical Research Center at the University of Oklahoma Health Sciences Center at 08:00 h, provided a urine sample to check for the presence of opiates or other drugs, and was served a light breakfast. At 09:00 h he or she provided a baseline saliva sample and immediately consumed the naltrexone or placebo capsule. Saliva was then collected every 30 min for the next 180 min. Every 60 min, the subject filled out a naltrexone-specific side effects questionnaire (King et al., 2002) , and also rated their moods using visual-analogue scales (Lundberg and Frankenhaeuser, 1980) . The subject remained seated in a recliner chair through the entire protocol and read general interest magazines or watched videos of nature or history programs. A research nurse monitored subjects during the protocol.
Saliva collection times and cortisol assay
Saliva samples were collected using the Salivette device (Sarstedt, Newton, NC, USA).
Salivettes were centrifuged at 4200 rpm for 20 min. The saliva was transferred to cryogenic storage tubes and placed into a À20 8C freezer until shipping. Saliva free cortisol assays were conducted by Salimetrics (State College, PA, USA) using a competitive enzymatic immunoassay (Salimetrics, 2011) with a sensitivity of <0.083 mg/dL and an interassay coefficient of variation of <6.42%.
Estrogen levels may affect cortisol binding, and so preliminary analyses on cortisol data were done in the women. These showed no differences in cortisol response to naltrexone between women tested in the self-reported luteal and follicular phases of their menstrual cycles, t = 0.55, p > 0.58. Hormonal contraceptive effects accordingly were not considered in the subsequent analyses. Prior work has shown that cortisol responses to the opiate receptor agonist fentanyl was not affected by menstrual cycle phase (Hoehe, 1988 ).
Subjective responses and side effects
Subjects rated their moods at four time points (0, 60, 120, and 180 min) using 12 10-point visual-analogue scales containing a Distress subscale (impatience, irritability, distress, pleasantness, and control), and an Activation subscale (effort, tension, concentration, interest, and stimulation) adapted from Foresman (Lundberg and Frankenhaeuser, 1980) . Adverse effects were assessed at two time points (0 and 180 min) using an opioid-specific questionnaire (King et al., 2002) covering nausea, vomiting, headache, distress, warm or flushed feelings, anxiety, libido, hives or rash, insomnia, diarrhea, pain, sleepiness and agitation on a 3-point scale, ''none,'' ''mild,'' or ''severe.'' Other than the 4 subjects who vomited, only 6 (4.7%) of the subjects reported severe nausea. As a result, adverse effects were analyzed as 0 (none) or 1 (mild or severe).
Data analyses
Demographic and personality characteristics were compared between FHÀ and FH+ individuals using a Student's t-test for continuous variables and an exact chi-square for categorical variables. A multivariable model with repeated measures was used to estimate the association between response to naltrexone and FH and sex, with differences from placebo to naltrexone day over time periods as a repeated measure. A similar model with repeated measures was used to estimate the association between self-reported distress and activation scores and sex and family history with treatment day and time period as repeated measures. Naltrexone adverse effects were analyzed using exact chi-square tests for men and women for each symptom. Two-tailed tests were used for all analyses and significance level was set at a < 0.05. Data were analyzed using SAS software, Ver. 9.2 for Windows. Copyright # 2008 SAS Institute Inc., Cary, NC, USA.
Results
There were no differences between men and women in the FH groups on major demographic and background characteristics (Table 1) . Cortisol values on naltrexone and placebo days are shown in Fig. 1 . In order to establish that the groups had equivalent levels of cortisol secretion under basal conditions, we carried out a preliminary analysis of cortisol values at each time point on placebo days on sex and FH groups using a repeated measure ANOVA. There was a significant effect of period reflecting the expected diurnal decline in cortisol values during the waking hours, F (6, 744) = 40.1, p < 0.0001. There were neither significant effects of sex or FH nor any interactions with period, indicating that men and women and FH+ and FHÀ had equivalent diurnal secretion levels and patterns, all F's 2.09, p's ! 0.15. Given the equivalence of the placebo values, and for visual clarity, the placebo values were plotted in Fig. 2 as zero at all time points, and the naltrexone values are plotted as differences from placebo in the original measurement units. A Sex Â FH Â Period repeated measure analysis of variance ANOVA on the difference scores in Fig. 2 showed a significant Sex Â Period interaction, F (6, 744) = 6.88, p < 0.0001, reflecting larger changes over time among the women. In addition, there were main effects of Sex, F (1, 124) = 27.2, p < 0.0001, and Period, F (6, 744) = 15.41, p < 0.0001. There were no effects of FH or any other interactions, Fs 1.55, ps ! 0.22. As an additional test of the effects in men and women separately, we carried out planned comparisons of naltrexone difference from placebo in each group at the peak response periods 90, 120, and 150 min. Women had large, highly significant responses at each of these times ( ps < 0.0001). In contrast men had smaller responses that were significant only at 90 and 120 min ( ps = 0.028 and 0.023, respectively) and not at 180 min ( p = 0.140). Results were the same after removing smokers from the analysis.
Subjective reports were examined in a Sex Â FH Â Day Â Period (0, 60, 120, 180 min) ANOVA. Feelings of distress did not vary as a function of any of these variables or any of their interactions (all Fs < 1.50, ps > 0.22), indicating that naltrexone did not increase feelings of dysphoria. Activation reports declined across periods, F (1, 124) = 13.39, p < 0.0004 on both days. There were no other main effects or interactions, all Fs 1.25, ps ! 0.127.
Side effects analyses showed only that women were more likely than men to report mild nausea on the naltrexone day, chi-square = 10.18, p < 0.003. Since nausea may have affected cortisol secretion, the Sex Â FH Â Period ANOVA on cortisol values was rerun with nausea as a covariate, and the results did not change.
Discussion
The present study confirms that women have larger and longer lasting cortisol responses to 50 mg of naltrexone than do men. Perhaps more interestingly, the results provide no Figure 1 Cortisol values on naltrexone and placebo days for males (N = 58) and females (N = 70) with and without a family history of alcoholism (Ns = 41 and 87, respectively).
confirmation that FH+ are more reactive than FHÀ to that dose of naltrexone. These findings provide several points for consideration in relation to naltrexone's utility as a probe for central opioid activity in relation to risk for alcoholism.
In light of our present findings we reexamined studies of cortisol responses to opioid blockade. In general these studies show that men have minimal cortisol responses to opioid blockade when sex comparisons are available. Fourteen studies reported significant cortisol responses to opioid blockade in combined groups of men and women (al'Absi et al., 2004; Ceballos et al., 2007; Cohen et al., 1983 Cohen et al., , 1985 Farren et al., 1999; Hernandez-Avila et al., 2002; Kiefer et al., 2006; King et al., 2002; O'Malley et al., 2002; Ooteman et al., 2007; Ray et al., 2009; Wand et al., 1998 Wand et al., , 1999 Wand et al., , 2001 . However, in the three prior studies that made sex comparisons, men failed to respond to 50 or 100 mg of naltrexone, while women responded at both doses (Klein et al., 2000; Roche et al., 2010) , and men had smaller responses to doses of naloxone up to 400 mg/kg (Uhart et al., 2006) . Taken together with the present data, it appears that men are less responsive than women to the cortisol effects of opioid blockade.
Similarly, there is only equivocal evidence of that FH groups have different cortisol responses to opioid blockade at most doses. Five studies have reported cortisol comparisons between FH groups (Hernandez-Avila et al., 2002; King et al., 2002; Wand et al., 1998 Wand et al., , 1999 Wand et al., , 2001 . One study reported larger responses to 50 mg naltrexone in FH+ than FHÀ although the sample included only 15 subjects, indicating a low level of statistical power (King et al., 2002) . The remaining four studies provide only equivocal support that FH+ are differentially reactive to naloxone at doses at or below 125 mg/kg IV (Hernandez-Avila et al., 2002; Wand et al., 1998 Wand et al., , 1999 Wand et al., , 2001 ). In three of these studies the FH+ group had higher placebo values than the FHÀ subjects, but these placebo differences were not accounted for in the statistical analysis. However, the graphed data show that the naltrexone group differences are only minimally larger when the placebo difference is accounted for (Hernandez-Avila et al., 2002; Wand et al., 1998 Wand et al., , 1999 . In a fourth study FH+ subjects appear to have larger responses than FHÀ to 125 and 375 mg/kg of naloxone but not to 50 mg/kg or less (Wand et al., 2001 ). However, the graphs do not have error bars to allow a clear comparison of the FH groups. In light of the present data, it appears unlikely that FH+ have larger cortisol responses to opioid blockade than FHÀ, with the possible exception of responses to naloxone doses !125 mg/kg.
The present results, taken in light of these mixed earlier findings, suggest that naltrexone (50 mg PO) and lower doses of naloxone (<125 mg/kg IV) are not likely to be useful probes for differential central opioid function in FH+ persons, although the sex difference seen here indicates that naltrexone may be of interest in probing individual differences in opioid function among women. The peak cortisol response to naltrexone in women at 90-150 min corresponds to the interval of peak naltrexone biotransformation and peak blood levels of naltrexone and its primary metabolite (Meyer et al., 1984; Verebey et al., 1976) . The greater Figure 2 Cortisol responses to 50 mg naltrexone shown as differences from placebo across time periods in the sex and family history groups. As noted in the text and as indicated by asterisks in the figure, women had significant cortisol elevations relative to placebo at 90, 120, and 150 min following ingestion. Men had no significant rises at any time based on simple effects tests corrected for multiple comparisons. cortisol responses in women suggest possible clinical implications for treatment of addictive disorders. As noted, naltrexone is approved for treatment of alcohol and opioid dependencies and also shows some promise as an adjunct treatment for nicotine dependence (King et al., 2006, in press; O'Malley et al., 2006) . There is evidence that lowered HPA function accompanies addiction and risk for addiction; persons at high risk for alcoholism have reduced cortisol responses to alcohol challenge (King et al., 2011; Schuckit et al., 1987) and alcoholics and persons at risk have blunted cortisol responses to laboratory stressors (Errico et al., 1993; Lovallo, 2006; Sinha et al., 2011; Sorocco et al., 2006) . Most importantly, blunted cortisol responses to stress and drug challenge predict higher cravings and relapse risk (Adinoff et al., 2005; al'Absi et al., 2005; O'Malley et al., 2002) . Accordingly naltrexone may normalize HPA function in such persons, and this may aid in its clinical efficacy (Adinoff et al., 2005; Kiefer et al., 2006 ). Women's greater sensitivity to the HPA effects of naltrexone may play a role in the differential sex-specific effects observed with naltrexone in the treatment of nicotine dependence (Epperson et al., 2010; King et al., 2006, in press) and/or alcohol dependence (Garbutt et al., 2005) , although at least one study found no sex differences in alcoholism outcomes with naltrexone (Greenfield et al., 2010) . While prior studies have lacked sufficient numbers of women for meaningful sex comparisons, there is evidence that compared to men, women given naltrexone report more antinociception (al'Absi et al., 2004) and sedation (Epstein and King, 2004) , and we found greater experience of nausea and vomiting in women. Increased focus on the use of naltrexone in women is warranted, particularly in regard to its normalization of HPA function in relation to treatment effectiveness.
The present study has three limitations. Several studies have examined the effect of opioid blockade on ACTH, which was not measured here. We focused on cortisol as the target hormone in the present study in accord with work showing a degree of independence between ACTH and cortisol responses to naloxone (Leslie et al., 1985) . In addition, this study relied on a single dose of naltrexone, which was chosen as the standard daily dose in abstinence studies. It is possible that responses may have been seen in men with higher doses, and accordingly a dose-ranging study using naltrexone would be called for.
The primary strength of the present study is the relatively large sample size, which lends confidence that the lack of differential cortisol response between FH groups is a true negative finding. Similarly, the results agree with prior studies that reported larger cortisol responses to opioid blockade in women than in men (Klein et al., 2000; Roche et al., 2010) . We conclude that women have a higher level of central opioid restraint on the HPA than men do. Future work should examine whether the cortisol response to opioid blockade may be useful in understanding individual differences across cognitive functions, behavioral tendencies, and stress reactivity. Increased attention to naltrexone's effectiveness in treatment of addictions in women also appears warranted.
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